Introduction {#sec1_1}
============

Spinal dural arteriovenous fistula (SDAVF) is a rare neurological disease with an estimated frequency of 5--10 cases per million per year \[[@B1]\]. It is caused by a subdural shunt between a radiculomeningeal artery and a radicular vein, leading to impaired venous drainage from the spinal cord and the arterialization of the vein due to increased venous pressure \[[@B2]\]. It peaks around the 5th--6th decade of life and predominantly affects males. The time to diagnosis is often delayed due to unspecific neurological complaints to as long as 10--15 years after the onset of symptoms \[[@B1]\]. Therefore, 40% of patients are severely disabled at the time of diagnosis. The most common location of an SDAVF is in the lower thoracic and lumbar region and it is accompanied by complaints in the lower extremities. SDAVF at cervical level (C-SDAVF) is extremely rare, accounting for approximately 2% of the SDAVF patients and can lead to quadriplegia and respiratory insufficiency.

Early clinical features are nonspecific and include gait claudication, worsened by exercise. By the time of the diagnosis, the triad consisting of (1) motor deficits (leg/arm weakness, muscle cramps), (2) sensory disturbances (paresthesia, numbness, pins and needles sensation, back pain), and (3) cauda syndrome (micturition problems, erectile dysfunction, anal sphincter disturbances) are present in 70% of the patients \[[@B3]\].

Characteristic MRI features include (1) engorged perimedullary veins, (2) central medullary edema, and (3) swelling of the caudal segments of the spinal cord. In the absence of the findings, diagnosis is difficult to make solely based on clinical symptoms and is usually erroneous \[[@B4]\]. Differential diagnoses may include medullary pathology (myelitis, medullary tumors, disc herniation) or peripheral pathology (sensory polyneuropathy, chronic inflammatory demyelinating polyneuropathy) (Table [1](#T1){ref-type="table"}) \[[@B5]\]. Evidence of bladder or bowel dysfunction which share no evident relation with the site of medullary pathology could be very useful in suggesting the diagnosis. The association of cauda symptoms should be considered a "red flag" in SDAVF and can guide the physician toward the correct diagnosis.

Once clinically suspected, SDAVF needs to be radiologically confirmed. The treatment involves either superselective catheterization with endovascular embolization of the fistula or neurosurgical occlusion of the arterialized vein \[[@B6]\]. If successful, the treatment usually stops the progression of symptoms or leads to an improvement of neurological deficits. Therefore, it is of utmost importance that the diagnosis is established as soon as possible in order to avoid permanent handicap.

Clinical Case {#sec1_2}
=============

A 56-year-old man complained of sensory symptoms (pins and needles sensation) and pain in both legs and the right arm, which progressively worsened in about 4 months. The patient had difficulty performing his daily work as a bus driver and noticed impaired foot sensation and arm weakness during changing gears and pressing the pedals. The symptoms worsened considerably 2 weeks before consulting a neurologist. The patient\'s past medical history was unremarkable except for hypertension and hypercholesterolemia, both treated with statins and oral antihypertensive drugs. He did not smoke and the family history was unremarkable.

Neurological examination showed generalized weakness in both lower limbs and the right arm (Medical Research Council grade 4) with hyperreflexia and bilateral plantar reflexes. No muscle wasting, atrophy, or fasciculations were observed. Sensory exam showed generalized sensation loss (involving both dorsal columns and the spinothalamic tract) and subjective pins and needles sensations in both feet and the right arm. Additional tests revealed mild urinary retention and decreased sensations in the sacral region.

Given the association of both lower and upper limb involvement and hyperreflexia, a cervical lesion was suspected. The patient underwent diagnostic brain and spinal cord MRI, which showed an elongated intramedullary hyperintensity from the foramen magnum to C4 on T2-weighted images (Fig [1](#F1){ref-type="fig"}) with a small contrast enhancement at the junction between the brainstem and the cervical spinal cord. Brain MRI was unremarkable. Additional blood and cerebrospinal fluid laboratory investigations were also unremarkable (Table [2](#T2){ref-type="table"}). Transverse myelitis was suspected and the patient was treated with a high intravenous corticosteroid dose \[[@B7], [@B8], [@B9], [@B10]\].

Less than 2 h after the first corticosteroid dose, the symptoms worsened. The patient developed quadriplegia with severe generalized weakness and sensation loss in both legs and both arms, inspiratory muscle weakness, dysphonia, and high urinary retention. An allergic reaction was excluded and the patient was transferred to an intensive care unit for assisted breathing. A cervical MRI was performed showing varicose dilatations, irregular cervical veins, and central medullary edema (Fig [2](#F2){ref-type="fig"}) characteristic of a cervical SDAVF \[[@B4], [@B5], [@B6]\]. The patient was promptly transferred to the neurosurgery department. Superselective angiography confirmed the presence of an SDAVF and the patient successfully underwent open spine surgery with ligation and coagulation of the arterialized communicating vein \[[@B6]\]. Ten days after the surgical treatment, he almost completely regained neurological functions and was further referred to an intensive rehabilitation program in a specialized clinic. By the time of discharge from the neurology ward 2 weeks after surgery, he could walk more than 30 m with rollator support and only had mild numbness in the feet and some difficulty voiding.

Discussion {#sec1_3}
==========

SDAVF may present with a wide range of clinical features such as motor and sensory deficits often associated with a cauda equina syndrome. Neurological deficits are due to perimedullary venous congestion leading to intramedullary edema or ischemia in severe cases or direct compression of the nerve roots at the level of the fistula. Abnormal communication between a radiculomeningeal artery and a radicular vein leads to increased venous pressure in the dural sleeve, impairing normal venous return from the intramedullary capillaries from and below the level of the fistula, causing medullary edema. Furthermore, decreased pressure gradient at capillary level accounts for decreased gas exchange and medullary hypoxia \[[@B2]\].

An acute increase in venous hypertension due to sudden volume or pressure overload may exacerbate neurological deficits by hampering the already decreased venous drainage at the level of the SDAVF causing transitory medullary ischemia. Previous publications report clinical worsening related to an acute increase in intrathoracic and venous pressure such as during singing, Valsalva maneuvers, or abdominal muscle compression during exercise \[[@B11]\].

In addition to the current paper, several publications report rapid worsening of symptoms in patients receiving corticosteroids intravenously for other presumed diagnoses (most commonly myelitis) \[[@B12], [@B13], [@B14], [@B15], [@B16]\]. Although the exact mechanism which leads to worsening of spinal cord dysfunction is not yet understood, it is possible that both corticosteroid and intravenous saline in which these are administered could play a role. In addition to anti-inflammatory effects, corticosteroids can also play a role in regulating water and mineral metabolism through their mineralocorticoid effects, causing fluid retention. This can compromise the already fragile venous return into the dural sac, leading to medullary hypoxia and further worsening the SDAVF symptoms \[[@B17]\]. Furthermore, steroids administered via an intravenous line placed in the upper extremity eventually drain via the cephalic veins into the brachiocephalic veins. The azygos and semiazygos veins, which collect venous blood from the spinal cord, are also tributaries of the brachiocephalic veins. Therefore, a rapid rise in venous return from the upper extremities into the brachiocephalic vein could also directly diminish the venous return from the medullary level and exacerbate symptoms.

This theory is supported by the MRI findings before and after corticoid treatment in our patient. The cervical MRI before intravenous treatment shows no evident perimedullary venous abnormalities, whereas after treatment, engorged veins can clearly be identified in the subdural space, as evidence of acute venous hypertension in the subdural sac (Fig [3](#F3){ref-type="fig"}).

Conclusion {#sec1_4}
==========

We would like to conclude this study by stressing out the importance of early diagnosis and treatment in patients with SDAVF. However, due to nonspecific clinical and radiologic findings, this may be challenging. Therefore, the presence of "red flags" can be extremely useful in guiding the physician toward the correct diagnosis. Acute neurological worsening after intravenous steroid administration for any presumed diagnosis should be considered such a "red flag" and raise the suspicion of an SDAVF.
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![Admission spinal MRI. **a** Sagittal T2-weighted image showing central medullary hyperintensity (white arrow) elongated from the foramen magnum to the fourth cervical vertebral body. **b** Sagittal T1-weighted image with gadolinium enhancement showing a small dotted region of contrast enhancement above the first cervical vertebral body (white arrow).](crn-0008-0234-g01){#F1}

![Spinal MRI performed after intravenous steroid administration. Sagittal T2-weighted image showing elongated intramedullary hyperintensity characteristic for central medullary edema (white arrow) and multiple dotted hypodensities characteristic for perimedullary engorged veins (black arrow).](crn-0008-0234-g02){#F2}

![Medullary changes before and after steroid administration. **a** Sagittal T2-weighted image of the cervical region before intravenous steroid administration. **b** Sagittal T2-weighted image of the cervical region after intravenous steroid administration.](crn-0008-0234-g03){#F3}

###### 

Differential diagnosis of SDAVF

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Myelitis
  Transverse myelitis/neuromyelitis optica spectrum disorder
  Multiple Sclerosis
  Inflammatory diseases/vasculitis: Sjögren\'s syndrome, sarcoidosis, systemic lupus erythematosus
  Infectious cause: varicella-zoster virus, cytomegalovirus, Epstein-Barr virus, syphilis, human immunodeficiency virus, dengue, hepatitis A virus, mycoplasma pneumoniae, mycobacterium tuberculosis, parasitary
  2\. Myelopathy
  Malignancy: intramedullary tumors (ependymoma, astrocytoma), paraneoplastic syndromes
  Vascular disease: spinal cord infarcts, spinal dural arteriovenous fistula
  Metabolic disease: vitamin B~12~ deficiency, copper deficiency
  3\. Polyneuropathy
  Malignancy: paraneoplastic syndrome
  Infectious cause: HIV, *Borrelia burgdorferi*
  Metabolic disease: diabetes mellitus, alcohol abuse, liver failure, vitamin B~12~/folic acid deficiency, hypothyroid disease
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Additional laboratory investigations

  -------------------------------------------------------------------------------------------------------
  1\. Blood tests
  Standard lab: normal
  ANA, ANCA, ACE, lupus anticoagulant, onconeural antibodies: negative
  Vitamin B~12~, copper: normal
  Aquaporin 4 antibodies: negative
  *Borrelia burgdorferi* antibodies: negative
  Syphilis infection: negative
  HIV infection: negative
  2\. Cerebrospinal fluid tests
  Erythrocytes 41, leukocytes 6, glucose 3.6, total protein 434, IgG 20, albumin 309, IgG index: normal
  Oligoclonal bands: negative
  *Borrelia burgdorferi* antibodies: negative, neurotropic viruses PCR: negative
  Pathology exam: benign cells
  -------------------------------------------------------------------------------------------------------
